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Abstract

About 25,000 rice T-DNA insertional mutant lines were generated using the vector pCAS04 which has both promoter-trapping and ac-
tivation-tagging function. Southern blot analysis revealed that about 40% of these mutants were single copy integration and the average
T-DNA insertion number was 2.28. By extensive phenotyping in the field, quite a number of agronomically important mutants were ob-
tained. Histochemical GUS assay with 4,310 primary mutants revealed that the GUS-staining frequency was higher than that of the pre-
vious reports in various tissues and especially high in flowers. The T-DNA flanking sequences of some mutants were isolated and the
T-DNA insertion sites were mapped to the rice genome. The flanking sequence analysis demonstrated the different integration pattern of
the right border and left border into rice genome. Compared with Arabidopsis and poplar, it is much varied in the T-DNA border junctions

in rice.
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Introduction

Rice (Oryza sativa L.) is one of the most important
cereal species of the world. It has the smallest genome in
monocot plants and supplies more than 50% calories for
the world population. Since the rice genome sequencing
project was first initiated by the publicly funded Interna-
tional Rice Genome Sequencing Project (IRGSP) in 1997,
two draft maps of different subspecies of rice were pub-
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lished in 2002 by Syngenta (Torrey Mesa Research Insti-
tute, San Diego, USA) and BGI (Beijing Genomics Insti-
tute, Beijing, China ) (Goff et al., 2002; Yu et al., 2002). In
2004, the IRGSP declared the completion of the japonica
rice genome with high-accuracy, and the finished rice ge-
nome sequence covered ~95% of the 389 Mb of the rice
genome with an error rate of less than one per 10 kb. At
the same time, the big progress has also been made in rice
functional genome research with large scale rice T-DNA
insertional mutant population generated in different labo-
ratories of many countries, such as Korea (Jeon et al., 2000;
Jeong et al., 2002; Ryu et al., 2004; Jeong et al., 2000),
England (Johnson et al. 2005), and France (Sallaud et al.
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2003, 2004). In China, several large rice mutant pools had
been developed in Shanghai, Wuhan (Wu et al., 2003;
Zhang et al., 2006), Beijing (Wan et al., 2009), and Taiwan
(Chern et al., 2007; Hsing et al., 2007). It was known that
the total number of the rice T-DNA insertional mutants
reached more than 425,000 worldwide, with some mutant
lines and flanking sequences tags (FSTs) accessible on
website  (http://ship.plantsignal.cn/home.do; http://rmd.
ncpgr.cn/; http://trim.sinica.edu.tw/; http://www.postech.
ac.kr/life/pfg/risd). Gene trap and activation tag are two
methods frequently used in T-DNA insertional mutagenesis
studies. Gene trap system provides a way of identifying
novel genes based on their expression patterns. Since the
first gene trap system was established (Casadaban and
Cohen, 1979), it has been widely used in gene function
analysis both in animals and in plants. In plants, many
important genes were cloned by this way (Claes et al.,
1991; Lindsey et al., 1993, 1998; Topping et al., 1994; Wei
et al.,, 1997; Topping and Lindsey, 1997; He and Gan,
2001). Activation tagging is a method to generate domi-
nant mutations in plants or plant cells by random insertion
of a T-DNA carrying constitutive enhancer elements,
which can cause transcriptional activation of flanking plant
genes (Memelink, 2003). Since the first establishment of
activation tag in plants (Odell et al., 1985), functional
genes were frequently isolated (Hayashi et al., 1992;
Kardailsky et al., 1999; Borevitz et al., 2000; van der
Graaff et al., 2000; van der Graaff et al., 2002; Busov et al.,
2003; Nakazawa et al., 2003; Mathews et al., 2003). Be-
cause gene trap and activation tag have the advantage of
high efficiency, the two methods are frequently used in the
construction of multiple-functional T-DNA insertional
mutant population. T-DNA in binary vector could be
modified with either reporter gene near the border for
gene trapping, or enhancer element as activation tag,
and the reporter gene and enhancer element could also
be combined to construct a multiple-function vector,
such as pGA2715 and pGA2772, which were con-
structed at Pohang University of Science and Technol-
ogy in Korea and were used to generate more than
34,000 rice mutant lines (Jeong et al., 2002, 2006). In
this study, a binary vector combined with promoter trap
and activation tag functions were also constructed and a
rice mutant population with about 25,000 transformants
was generated. A large-scale phenotyping in the field
has been carried out, 471 flanking sequencing were
made and the T-DNA integration sites were mapped to the
rice genome. Based on these data, the distribution of
T-DNA insertion sites and T-DNA integration patterns

were also investigated.

Materials and methods
Construction of binary vector pCAS04

The vector construction was performed following stan-
dard protocols as described by Sambrook et al. (1989). The
multifunctional vector pCAS04, contains the promoterless
reporter B-glucuronidase gene (GUS) near to the right
border and the rice Actinl promoter near to the left border,
is derived from the binary vector pEP200. At first, the por-
tion containing promoterless GUS gene and CaMV termi-
nator was assembled into a pBluescript SK () vector, then
cut by Hind III and BamH 1 and inserted in pEP200, re-
sulting in the plasmid pEP200-GUS. Afterwards, the com-
plete cassette of maize ubiquitin promoter:npt/[:CaMV
terminator from plasmid pJFNPTII (a kind gift from J. Xu,
Institute of Plant Genetics and Crop Plant Research, Ger-
many) was cut by restriction enzymes BstX V and Kpn 1
and then inserted into the pEP200-GUS resulting in a
plasmid pCASO03. At last, the rice Actin I promoter was
amplified and inserted into the binary vector pCASO03. The
final plasmid pCAS04 was made after examination of the
insert orientation by PCR.

Agrobacterium-mediated transformation of vice

Rice (Oryza sativa L. cv. Nipponbare) was used for
transformation and Agrobacterium-mediated transformation
was used as described by Liu et al. (2007).

Genomic DNA extraction and Southern blot

Genomic DNA was prepared from mature leaves or
seedlings using SDS method with some modification. For
identifying positive lines, a pair of primers for amplifying
gene nptll was designed with Forward primer: TCCGGTG
CCCTGAATGAACT, and Reverse primer: GGCGATAC
CGTAAAGCACGA. For Southern blot, about 10 pg of puri-
fied DNA were digested with BamH 1, size-fractionated on a
0.8% agarose gel, and transferred onto a nylon membrane.
The blots were then hybridized to GUS specific probe in hy-
bridization buffer containing 0.5 mol/L sodium phosphate
(pH 7.2), 7% SDS, 1% BSA, and 20 mmol/L. EDTA. Final
washes of the filters were carried out with wash solution (0.1
x SSC and 0.1% SDS) for 15 min at 65°C.
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Histochemical GUS assay

Histochemical GUS assay of plant tissues was carried
out as described by Jefferson et al. (1987). Leaves, flowers
and roots, which had been hand-cut with a razor, were in-
cubated at 37°C in 50 mmol/L phosphate buffer (pH 7.0)
containing 1 mmol/L 5-bromo-4-chloro-3-indolyl-B-glu-
curonide (x-gluc), 10mmol/L mercaptoethanol, 10 mmol/L
EDTA, 0.1% sodium lauryl sarcosine, and 0.1% Triton
X-100 overnight, then washed in 70% ethanol to get rid of
the background color of tissues.

Thermal asymmetric interlaced-PCR (TAIL-PCR) and
sequencing analysis

TAIL-PCR was performed according to the standard
protocol of Liu and Whittier (1995). The following nested
primers complementary to the sequences of T-DNA bor-
ders were designed: RB1, TGCATCGGCGAACTGATCG
T, RB2, CGCTTTCCCACCAACGCTGA; RB3, ACGGG
TTGGGGTTTCTACAGG A; LB1, ACAATGCTGAGGG
ATTCAAATTCTACCAC; LB2, TACTGAATTAACGCC
GAATTGAATTCGAG. Four arbitrary degenerate primers
were used: AD1, NTCGA(G/C)T(A/T)T(G/C)G(A/T)GTT,;
AD2, NGACGA (G/C)(A/T)G ANA (A/T)GAA; AD3,
NGACGA(G/C)(A/T)GANA(A/T)GTT; AD4, NGACGA
(G/C)(A/T)GANA(A/T)GAC.

PCR products were sequenced directly using the ABI
PRISM 3730 DNA Analyzer System (ABI, USA). The
flanking sequences were then BLAST against rice genome
in the Rice Annotation Project Database (RAP-DB)
(http://rapdb.dna.affrc.go.jp). Results with high similarity
of E value<0.01 were used.

Northern hybridization and single-strand hybridization

Total RNA isolation and Northern hybridization method
was described by Wu et al. (2004). The single-stranded

Activation tagging

RNA probes were transcribed from PCR products that am-
plified from linearized pSK(—) DNA plasmid using T7
RNA polymerase (Promega, USA). The filters were
washed in 0.5 x SSC with 0.1% SDS for 30 min, followed
by washing in 0.1 x SSC with 0.1% SDS for 30 min at
68°C after hybridization.

Results
Generation of rice mutant population

In this study, we constructed a binary vector pCAS04,
which the Actinl promoter located to the left border as
activation tagging, the promoterless GUS gene located to
the right border as promoter trapping, and the selective
marker gene was nptIl (Fig. 1). About 25,000 independent
T-DNA lines were generated by Agrobacterium-mediated
transformation. Rice genomic DNA was isolated from
about 3,000 T, transgenic lines for PCR analysis. Southern
blot was performed for estimating the average copy num-
ber of integrated T-DNA. Genomic DNA from 50 ran-
domly-selected T, mutants were digested with BamH I and
hybridized with a GUS-specific probe, about 40% of the
transformants contained single-copy T-DNA insertion and
the average copy number of T-DNA was 2.28 (Fig. 2). A
total of more than 16,000 mutants in the field were
screened out and many mutants with agronomically im-
portant traits were obtained (Fig. 3). Furthermore, the seg-
regations of quite a few T; mutants fit the 3:1 Mendelian
ratio. The phenotype of some mutants has been linked with
the T-DNA inserts through PCR detection, but the
co-segregation of T-DNA inserts and phenotypes was not
such frequently detected as expectation.

Mapping T-DNA insertion sites to rice genome

We isolated the T-DNA flanking sequences tags (FSTs)

Promoter trapping

LB fiCaMV ter

ubi Ist intron

{CaMV ter RB |

1
BamH 1

T-DNA insertion

1
BamH 1

Fig. 1. A schematic diagram of the T-DNA region from the binary vector pCAS04. RB: the right border of T-DNA; LB: the left border of T-DNA; ubi:
maize Ubiquitin promoter; npt/l: neomycin phosphotransferase gene; CaMVter: CaMV terminator; GUS: B-glucuronidase gene; Actinl: rice Actinl pro-

moter; ubi Ist intron: the first intron of ubiquitin promoter.
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of some T-DNA inserts via TAIL-PCR method. Flanking
sequences of about 1,000 T-DNA inserts were obtained
from the 3,000 T, generation T-DNA transgenic lines. Af-
ter directly sequencing of PCR products and BLAST
against the RAP-DB database (http://rapdb.dna.affrc.go.jp)
with the new released rice genome (IRGSP), 471 se-
quences were matched to rice genome (£<0.01) and the
corresponding T-DNA insertion sites were mapped. The
distribution feature of these insertion sites was classified as
intergenic regions, 5" UTR (Up-stream 1,000 bp), 3" UTR
(Down-stream 500 bp), exon and intron. Statistics of the
number of various features was listed in Table 1. Accord-

M 12345678 910I112131415161718 1920

Fig. 2. Southern blot analysis of independent mutant lines. M: A/EcoR
I+Hind 1II marker; 1: blank control; 2—20: represent different mutants.

ing to the japonica rice genome data released by IRGSP in
2005 (IRGSP, 2005), we supposed that the protein encod-
ing regions with the upstream 1,000 bp and the down-
stream 500 bp are genic regions, and the ratio of the genic
regions in the rice genome was 42.52%. According to the
data in Table 1, the T-DNA insertions in rice intergenic
region had a frequency of 55.63 % (262/471), so the cor-
respondingly insertion ratio in genic area was 44.37%.,
which was more than the proportion of the genic regions in
rice whole genome (42.52%). So it seems that there is a
small shift to genic regions of these T-DNA inserts. We
also estimated the T-DNA inserts preference in different
part of a gene with the data acquired, it was indicated
T-DNA inserts into rice genome with obvious bias towards
5'UTR and 3'UTR gene regulation regions so as to make
gene knockout mutations. The genes T-DNA disrupted can
be involved in various biological processes and molecular
functions, most of them were annotated and some of them
were hypothetical genes. Although the appearance of most
of the 471 mutant lines had no obviously change, about
10% of them were dwarf or sterility in the maturation
phase.

Fig. 3. T-DNA insertional mutants with altered agronomically-important phenotypes. A: high phosphate accumulating mutant; B: early flowering; C:
elongated uppermost internode (eui); D: premature leaf senescence 2; E: dwarf; F: preharvest sprouting.
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Table 1
Distribution of T-DNA insertion site in different chromosomes
Chromosome 1 2 3 4 5 6 7 8 9 10 11 12 Total
intergenic 37 40 32 27 14 18 23 14 12 19 18 8 262
Exon 11 2 11 4 4 2 4 1 1 2 2 3 47
Intron 9 6 8 4 4 4 3 4 4 3 2 2 53
S'UTR 16 11 15 6 2 5 1 6 1 2 3 4 72
3'UTR 9 5 7 1 1 2 3 2 0 3 2 2 37
Total 82 64 73 42 25 31 34 27 18 29 27 19 471
Analysis of the efficiency of promoter trapping Table 2
Preference of GUS expression in transgenic rice
T . . . . Ratio . . Ratio
o test the efficiency of the promoter trapping system, Organ Total  Stained lines %) Preferential %)
0 o
QUS assay was carried out with 1eavefs, roots, ﬂower.s, a.nd Roots 3729 255 68 119 32
immature seeds from about 4,310 primary transgenic rice
. . K Leaves 4,310 187 43 74 1.7
plants. The histochemical data revealed that the efficiency l 3 ¥ 5 ro
.. F 11 55 115 .
of GUS staining was 4.4% (187/4,310) for leaves, 6.8% owers
Immature seeds 507 41 8.1 18 3.5

(255/3,729) for roots, 35.5% (134/391) for flowers and
8.08% (41/507) for immature seeds. In these GUS positive
lines, 115 (29.4%) among 391 lines were flower-specific,
18 (3.5%) among 507 lines showed seed-specific expres-
sion pattern, 74 (1.7%) out of 4,310 leaf-specific, and 119
(3.2%) among 3,729 lines were root-specific (Table 2).
Additionally, out of 391 flower-specific transgenic lines,
115 expression patterns were varied, such as pol-
len-specific expression, carpel-development-specific ex-
pression etc (Fig. 4).

Cloning salt tolerant genes via activation tagging

We tested the activation tagging effect for 300 salt tol-
erant Ty mutants. Twenty-nine T-DNA insertion sites were
located on rice genome by TAIL-PCR and sequence
BLAST. Downstream and upstream 10 kb of these T-DNA
insertion sites were searched for the probably activation
genes by Actinl promoter. The candidate genes encode
sigma factor, putative trehalose-6-phosphate phosphatase,
Myb-like protein, AP2 domain containing protein,
Zf-MYND domain containing protein, and several hy-
pothetical proteins, and these candidate genes were further
tested via RT-PCR and Northern examination. A gene
named S712 was obviously activated, and the full-length
cDNA was cloned via RACE. Retransformation of this
gene to rice could lead to salt tolerance. Another candidate
gene encoded a putative trehalose-6-phosphate phos-
phatase, which showed low expression level in normal
conditions, but induced by salt stress. The expression level
of this gene in mutant was higher than WT seedling after

salt stress for 6 hours, which suggest the gene enhanced
expression under salt treated condition without alteration
of its expression pattern. These results indicate our system
can be used for gain-of-function analysis.

Analysis of T-DNA integration junctions in rice

To analyze the integration patterns of T-DNA in rice
genome we have aligned the FSTs with sequence near
T-DNA border. A total of 60 fragments flanking T-DNA
right border (RB), and 60 fragments flanking left border
(LB) with a good T-DNA border sequence definition were
selected from 471 FSTs. The aligned sequence results re-
vealed that T-DNA border had various ranges of deletions.
In quite a few cases some fragments had no sequence ho-
mology with either the vector sequences nearby the
T-DNA border or the rice genome, which were named as
filler DNAs. In contrast, some nucleotides in the junction
sites had sequence homology with nearby sequences at
both the left and right sides, which were named as micro-
homologies (micro homology nucleotides). The sum of
linkage with border deletion, filler DNAs, and microho-
mologies, together with the border deletion range, lengths
of filler DNAs and microhomologies were listed in Table 3.
From statistical data, it was shown that the T-DNA border
deletions were more serious in the left border than right
border. Furthermore, microhomologies of 1-11 base pairs
range existed in more than 50% LB junctions and filler
DNAs existed in about 80% RB junctions. The origin of
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Fig. 4. GUS expression patterns in rice promoter trapping lines. A: specific expression in the leaves. B: specific expression in anther. C: specific expres-
sion in endosperm. D: specific expression in embryo. E, F, G: specific expression in different parts of roots.

Table 3

Different integration patterns of T-DNA border
Border Left border Right border
Deletions (range) 59 (3—147 bp) 56 (1-23 bp)
filler DNAs (length) 14 (4-55 bp) 50 (2-695 bp)
Microhomologies (length) 32 (1-11 bp) 5 (1-5 bp)

the large amount of filler DNA was also surveyed, and it
was proposed to be derived from non-T-DNA vector se-
quences in the plasmid. To identify the T-DNA recombina-
tion hot sites at sequence near borders, we also made a
detailed table of various linkage types based on the differ-
ent T-DNA border deletion ranges (Supplemental Tables 1
and 2). For the right border, only 8 linkage types were
identified, the T-DNA integrated hot sites were 12 bp away
from the VirD protein cut site. For the left border, 38 dif-
ferent linkage types were found, and the T-DNA integra-
tion site with the most high frequency was 8 bp away from
the VirD protein cut site. The analysis of the sequences
character near the recombination hot sites were underway.

Discussion

We have generated a multiple-function rice mutant

population with about 25,000 individuals, which is a valu-
able resource for rice functional genomic research. The
multiple-function binary vector carries both promoter
trapping and activation tagging, which is very similar to
the vector pGA2715 and pGA2772 developed at
POSTECH (Jeong et al., 2002, 2006). The main difference
from the two vectors is that we used rice Actinl promoter
as activation tagging in pCAS04 but not multimerized
transcriptional enhancers from the CaMV 35S promoter.
The experiment results showed the Actinl enhancer would
have the same function in gene activation. In the mutant
population, about 40% of the transformants contained sin-
gle-copy T-DNA insertion and the average copy number of
T-DNA was 2.28. Based on that, about 57,000 T-DNA in-
serts and about 10,000 single copy T-DNA insertion lines
have been acquired in our mutant population. By extensive
phenotyping in the field, quite a number of agronomically
important mutants have been isolated. Despite the useful-
ness of a phenotype-driven genetic approach, it is some-
what inconvenient for high-throughput screening of rice
mutants. Firstly, screening rice mutants requires more ef-
fort because of the larger size and longer life cycles. Sec-
ondly, the phenotypic alternations observed may not nec-
essary due to insertional mutation, but to the transposition
of endogenous mobile elements such as Tosl7 or muta-
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tions caused by tissue culture (Jeong et al., 2006). In addi-
tion, many mutants with serious change of appearance
would have fewer seeds. This indicates many of the altera-
tions of rice appearance may be a consequence of serious
disruption of genome, such as genome deletion, chromo-
some reduplication or recombination, which results in a
disruption of plant propagation. All of the reasons give rise
to the difficulties of the phenotype-driven genetic approach,
so reverse genetics approaches such as TAIL-PCR is ap-
plied in assistant of phenotype screening for functional
genes isolation.

So far we have isolated 471 FSTs from these T-DNA
mutants, and the corresponding 471 T-DNA insertion sites
in rice genome were located. Although the shift to genic
regions was not significant over these samples, the shift to
the gene regulation regions was obvious. These results
were consistent with previous analysis (Chen et al., 2003;
Zhang et al., 2007).

Histochemical assay with our mutant population re-
vealed that a very high GUS expression efficiency was
found in various tissues with the highest expression in
flowers (35.5%). In rice, Chin et al. (1999) used DS carry-
ing a gene trap system, and found that GUS expression
was detected in 8% of the lines in various parts of rice
panicles. Then Ryu et al. (2004) discovered a 2.5% pro-
moter trapping efficiency with GFP-positive. Compared
with their studies, our promoter trapping lines showed a
much higher expression level. The reason may be related
to the Actinl enhancer element in the binary vector. In the
research of Jeon et al. (2000), only 1.6%—2.1% of plants
showed GUS activity in various tissues, but the GUS-
staining frequency was increased about twice when an
enhancer element was added. So it was suggested that the
enhancer sequence present in the T-DNA improves the
trapping efficiency, and the enhancers simply elevated the
expression level of the nearby genes without altering the
original expression pattern (Jeong et al., 2002). So the Actinl
enhancer element may elevate the expression of genes
nearby especially at flowers in our experiments. However,
multiple copies of T-DNA may be inserted into one ge-
nome locus and can be result in tandem LB: RB. The tan-
dem LB: RB may favor read through the RB, driven by the
Actinl promoter which is very active in flowers, so the
actual trapping efficiency may be lower than detected.

Previously, Ichikawa et al. (2003) have used ten activa-
tion tagging lines that showed phenotypes to monitor the
expression levels of genes adjacent to the T-DNA integra-
tion sites in Arabidopsis activation tagging pool, activation
was observed in 7 out of 17 of the adjacent genes detected

(Ichikawa et al., 2003). In rice, among 15 selective lines
for activation analysis in an activation tagging mutant pool,
four showed the increasing expression level of the genes
near the T-DNA insertion sites. In our analysis, we de-
tected two activation tagging lines out of 18 candidate
genes. The first gene S772, showed a constitutive expres-
sion in mutant leaves, whereas a very low expression level
detected in the leaves of wild type. The second gene,
which encodes a putative trehalose-6-phosphate phos-
phatase, was induced by salt stress after 6 hours, the ex-
pression level increased in mutant under induced condition
with the same expression pattern. Therefore, the Actinl
promoter did elevate the gene expression level without
change its expression pattern, which is similar to the
CaMV35S enhancer. In our research, some genes were not
activated even just at the downstream of Actinl promoter.
This may result from the presence of insulator elements
that prevent the misregulation of genes by restricting the
effects of the regulatory elements to specific domains (Oki
and Kamakaka, 2002).

In our studies, many microhomologies were discovered
in LB junctions, and large amount of filler DNAs were
discovered in RB junctions. This provided evidence for the
different integration patterns between LB and RB in
T-DNA mediated transformation in rice. With a survey of
filler DNAs of RB, we propose the filler DNA should be
originated from either the sequences nearby T-DNA border
or non-T-DNA vector sequences. This is supported by lots
of reports that non-T-DNA vector sequences remained in
the T-DNA transformation process in dicot plants (Cluster
et al., 1996; Kononov et al., 1997; Wenck et al., 1997; de
Buck et al., 2000; bdal-Aziz et al., 2006) and also monocot
plant rice (Kim et al., 2003). The most common integration
mode of right border was12 bp away from the VirD cut site,
and was 8 bp away from the VirD cut site for the left bor-
der. We further compared the T-DNA border deletion range
with Arabidopsis, poplar (Populus tremula), and tomato
(Salanum lycopersicum var. moneymaker), it was found
that in Arabidopsis most integration sites retained a portion
of the LB and the truncations ranged from 27 to 109 bp
(Mayerhofer et al., 1991; Gheysen et al., 1991), in poplar,
1/5 of T-DNA integrations contained an intact LB and
truncations varied between 2 and 24 bp (Kumar and Fla-
dung, 2002), in tomato, 1 out of 42 contains an intact LB,
all others did not contain a portion of LB, and deletions
from the cleavage site can reach 400 bp (Thomas and
Jones, 2007). In our studies in rice, only 1/60 contains an
intact LB, the deletions from the cleavage site can reach
147 bp. In the case of RB, it is generally believed RB
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transfer is more precise than LB transfer because of the
protection of VirD2 protein. In Arabidopsis most integra-
tion contained a nearly complete RB repeat, but trunca-
tions can reach 34 bp (Mayerhofer et al., 1991; Gheysen et
al., 1991). In poplar 19/27 T-DNA integrations contained a
complete RB and truncations in the remainder varied be-
tween 2 and 23 bp (Kumar and Fladung, 2002). In tomato,
26/55 was located in 10 bp of the RB terminus, and 5/28
contained an intact RB repeat. However, the integration
with complete RB repeat was only 1/15 in our investiga-
tion in rice and deletions can be 1-23 bp. So the integra-
tion in both LB and RB in rice was varied more than
Arabidopsis, poplar, and also different from tomato. In fact,
Kim et al. (2003) also indicated the border variation of rice
is different from other species. This indicated T-DNA me-
diated recombination in difference species may be differed
which probably caused by particular proteins of plant host
participated in this process.
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